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Abstract 

Our study presents experimental measurements of the contact and longitudinal voltage drops in Hall bars, as a 
function of the current amplitude. We are interested in the heating phenomenon which takes place before the 
breakdown of the quantum Hall effect, i.e. the pre-breakdown regime. Two types of samples has been investigated, 
at low temperature (4.2 and 1.5K) and high magnetic field (up to 13 T). The Hall bars have several different 
widths, and our observations clearly demonstrate that the size of the sample influences the heating phenomenon. 
By measuring the critical currents of both contact and longitudinal voltages, as a function of the flUing factor 
(around z = 2), we highlight the presence of a high electric field domain near the source contact, which is observable 
only in samples whose width is smaller than 400 microns. 
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1. Introduction 

Ten years after its discovery by Klaus von Kl- 
itzing [1], the Quantum Hall Effect (QHE) was 
used to conserve the unit of the electric resistance. 
In the plateau regime, pxx — and pxy — Rx/i 
where Rk — h/e^ (h - Planck constant, e - elec- 
tron charge, i - filling factor (number of occupied 
Landau levels)) for the temperature approaching 
zero. The value of the von Klitzing constant Rk 
has been used as the standard of resistance by 
many laboratory of metrology, because the relative 
precision of its measurement is better than 10~^. 
However, the current must be very well controled 
because a sudden breakdown of the QHE occurs if 
it exceeds a certain limit. Above this critical cur- 
rent, the system becomes unstable, and the lon- 



gitudinal resistance p^x changes abrubtly by sev- 
eral orders of magnitude [2]. This effect has been 
attracting interest by a steadily community of re- 
searchers [3,4,5,6]. In the present review we are in- 
terested in the pre-breakdown regime, i.e. in the 
heating phenomenon which is observable before 
breakdown of QHE. We studied precisely for the 
first time, the voltage drop between the source con- 
tact and the adjacent voltage contact in the QHE 
regime, using a well specified configuration for the 
measurement. This paper is organized as follows. 
After this introduction, we present the samples and 
the set up of our measurements. In section 3, we 
present and discuss the results. We show that the 
dimensions of the samples influence drastically the 
measurements of the contact voltage drop in this 
pre-breakdown regime. 
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2. Samples and Configurations 

2.1. Samples 

Samples investigated in this review are GaAs/Ga- 
AlAs heterojunctions grown on 3 inches wafers 
by Metal Organic Chemical Vapor Deposition 
(MOCVD) technique. This procedure allows us to 
obtain a good homogeneity of the electronic den- 
sity. Starting from the substrate, a 600 nm thick 
undoped GaAs buffer layer is firstly deposited. 
It is followed by an undoped Alo.28Gao.72As 
spacer layer whose thickness is respectively 22 nm 
and 14.5 nm for PL175 and PL173 hctcrostruc- 
tures. Then a 40 nm thick 10^® cm~^ Si-doped 
Alj;Gai_j:As layer is realized, with a gradual de- 
crease of X up to 0.28 for PL175 and a homogenous 
value (x=0.28) for PL173 [7,8,9]. Finally an n- 
type 12 nm GaAs cap layer covers the structure to 
improve the quality of ohmic contacts. After the 
realization of the 300 nm thick delimiting mesa, 
the AuGeNi ohmic contacts are evaporated and 
then annealed at 450 °C. 

All samples were processed into a Hall bar. They 
have six independent lateral contacts in addition 
to the source and drain contacts, as described in 
Fig. 1. Table 1 resume the characteristics of the 
samples. They were mounted on a sample holder 
and placed inside a Variable Temperature Insert 
(VTI), in a 16 T superconducting magnet. All ex- 
periments were performed at 4.2 K and 1.5 K. 
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Fig. 1. Geometry of Hall bar. W is the width of the Hall 
bar. Two current contacts are used as a drain and a source 
(contacts 1 and 5). Six other lateral contact are used for 
measuring voltage drops. The magnetic polarity is positive 
here. 

2.2. Configuration for the measurements 

All the measurements have been carried out only 
at the i=2 plateau. In the QHE regime, the mag- 
netic field B strongly bends the potential profile. 
If a D.C current is applied between contacts 1 



Table 1 



Samples Characteristics (i is the filling factor). 
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B(i=2) 


Width W 


10 




- (m-/\' 


^) (T) 


(/(Ul) 


PL173 


3.3 


50 


6.8 


200, 400 and 800 


PL175 


4.3 


42.5 


9 


200, 400 and 1600 



(source) and 5 (drain) and for B positive (+B, 
see Fig. 1), electrons enter the two dimensional 
electron gas (2DEG) by one corner of the source 
(Entry Corner) and leave it by the opposite cor- 
ner (Exit Corner) of the drain. Around the cen- 
ter of the plateau i = 2, one mcastircs the Hall 
voltage between the current contacts 1 and 2 : 
Vij=Vi2=(h/2e^) and Vc=0 for low current lev- 
els. A bref illustration is presented in Fig. 1. 

The existence of electron entry and exit corner 
has been reported for the first time by Klaus et 
al. [11] using an optical FIR technique that allows 
to observe the high electric field zones in the sam- 
ple. They have shown that the Hall potential is 
concentrated on a very narrow region whose car- 
acteristic length is 10 ^m. Kawano ct al. [12] used 
a spatially resolved detector to measure the FIR 
emission of the sample under QHE regime, and re- 
ported on the same location of hot spots. However 
at higher current levels, a new region, located in 
the vicinity of the source contact, emits also a FIR 
radiation. This additional signal dominates at high 
level currents. This shows that a heating process 
takes place along the edge source contat, above 
a critical current. This specific heating process 
exists while the sample is still in the QHE regime 
and constitutes the subject of our investigations. 

Starting from the configuration of measurement 
shown in Fig.l, we have used the four different con- 
figurations that can be deduced from this one by 
reversing the polarities of both current and mag- 
netic field. In the Buttiker Landauer notations, 
one can easily name the four configurations by us- 
ing the contacts labels shown in Fig. 1 : Vij^kl is 
the voltage drop V^; measured when the current 
lij is injected from i to j. The contact resistance 
is therefore measured in the four configurations 
: V5i,i8(B), Vi5,54(B), V5i,i2(-B) and Vi5,56(-B). 
The corresponding longitudinal voltage drops are 

: V51,76(B), Vi5,32(B), V5i,34(-B) and Vi5,78(-B). 

In our experiments, we have studied the four con- 
figurations for each Hall bars, and obtained well 
reproducible features of these voltage drops. We 
can then deduce that the pre-breakdown regime 
exhibits very stable characteristics and is therefore 
the consequence of a specific heating regime that 



we will discuss now. 

Measurement of Vc and Yxx were made simul- 
taneously as a function of the current and for fixed 
magnetic field, so that we can compare the critical 
current for the threshold of Vc and Y^x for different 
Hall bar widths . For a given value of magnetic field, 
which corresponds approximatively to the center 
of plateau i=2, we did measurements of Vc(I) and 
Va;a:(I)- Then we have slightly changed the value 
of B and make again the same measure again, al- 
ways taking care to never overpass the breakdown, 
that would have induced hysterisis and non repro- 
ductible data as yet observed [13,14,15]. 



3. Results and Discussion 
3.1. Medium size samples 

We first comment the results obtained for the 
samples of width 200 ^,m and 400 jim. In Fig. 2 we 
have reported the measurements of Vc = Vsi^ig 
and Vxx = V5i,76 versus current, for samples 
PL175 and PL173 of width W=200 /xm. The tem- 
perature was T=1.5K. First, we observe an abrupt 
jump of voltage drop Vc for both samples that 
allows us to define a critical current Ic for Vc : 
Ic=4G for PL175 and Ic=25 ^^A for PL173. 
This shows that a local breakdown occurs at the 
vicinity of the current contact, well before the on- 
set oiYxx in the entire 2DEG. Indeed the critical 
current for the breakdown (called lb) is l6=250 /xA 
for PL175 and 120 jjik for PL173. Kawano ct al 
have already commented the particular behavior 
of this contact resistance, that we clarify here by a 
systematic study. In fact, in their study, Kawano 
et al. have precisely reported on the Far Infra Red 
emission which appears in the same zone and for 
the same current level. It is therefore clear that a 
heating phenomenon due to the presence of high 
electric field takes place near the source, in the 
pre-breakdown regime. 

We will discuss in the following the size of this 
heating region. It is necessarily an extended area. 
Indeed, it is established that the breakdown needs 
to developp a suSiciently large domain of high elec- 
tric field. In that case, electron holes pairs can be 
created according to the Boot-strap electron heat- 
ing model [18,19] . By investigating smaller samples 
(width smaller than 100/zm) Komiyama et al. have 
deduced that the minimum length scale to devel- 
opp the breakdown is larger than 100/im [18]. 

We think that the high field domain reaches the 
edge of the sample because the resistance between 



40 


/ 






V = V 

c 51,18 _allM»«**^ 




^ 30 
> 

B 

"^^20 
> 




V = V 

h 51,76 
f ^ 




10 













0,25 

0,2 

0,15 

0,1 

0,05 





so 100 150 200 250 300 
Current (|J,A) 





PX^173 x=1.5K 


150 


b) 




|ioo 


V =v / 

c 51,18 # 




> 

50 


J ► 

=V 

XI '51,76 












25 50 75 100 125 150 
Current (jlA) 



Fig. 2. Measurement of Vc = Vgi^ig and Vxx = V5i,76. a) 
Sample PL175-200 //m at B=9T and T=1.5K. b) Sample 
PL173-200 ^l■sn at B=6.8T and T=1.5K. For both cases, 
critical current of Vc is mush lower than those of Vxx- 

the current contact and the first voltage contact is 
affected. To prove this more convincingly, we have 
dressed the graph of the variation of the critical 
current for both contact voltage drop and longi- 
tudinal voltage drop versus filling factor (i). Sam- 
ples PL175 and PL173 with diffcrcnts width Hall 
bar are concerned (see Fig. 3). One observes, for 
all samples, that the critical current of longitudi- 
nal voltage drop (lb) is maximum at the center 
of plateau {i = 2). Nachtwei et al. [16,17] have 
also observed same results in 2D systems with pe- 
riodic and aperiodic antidots array. Here, for the 
first time, we observe that the critical current of 
the contact resistance (Ic) does not depend on the 
magnetic field (filling factor) in the plateau regime. 
Then it is clear that the local breakdown near the 
contact is different from the breakdown in the en- 
tire 2DEG, due to the presence of a domain of high 
electric field. 

3.2. Large sam,ples 

A particular behavior for Ic(i) and If,(i) was ob- 
served for wide Hall bars. In Figure 4, we report 
behavior of criticals currents Ic and 1;, versus fill- 
ing factor i. For sample PL175 with W=800 /im, 
we observe that Ic and lb are maximum in center of 
the plateau. For sample PL173 with W=1600 /xm, 
we have the same result but the value of Ic is now 
higher than that of I^. 
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Fig. 3. Variation of critical current of Vc and Yxx as a 
function of filling factor for samples PL173 and PL175 with 
diffrents width. One observes that the critical current of 
Vc is independante of filling factor in the plateau regime. 



GoI^PL173-1600 
QBltPL173-1600 



U 300- 

■a 

g200 



100 L 




OOljPL17S-800 
EralIPL17S-800 




1,975 



2,025 1,95 2 2,05 2,1 

Filling Factor 



Fig. 4. Same of figure 3 but in this case samples have 
alarger width : a) Sample PL173 with W=1600 /im. b) 
Sample PL175 with W=800 /im. 

It is obvious then that the critical currents Ic 
and lb have the same variation with Ming factor. 
This proves that the heating process in both re- 
gions are identical. Hence the high field zone has a 
size which is smaller than 800/xm, because it does 
not affect the equilibrium of edge states on the edge 
of the samples. Then we can have an estimated 
length for this high electric zone, which is certainly 
several hundreds of microns, but less than 800 /xm 
: tipycally around 500/im. This constitutes a new 
characteristic dimension of the heated region in the 
pre-breakdown regime. 



4. Conclusion 

A new measurement protocol has been used 
to characterize the pre-breakdown regime of the 
QHE. We have characterized for the first time the 
voltage drop across the contact and dressed the 
graph of the variation for its critical current with 
the filling factor. Large samples exhibited a differ- 
ent behavior than medium size ones. We can there- 
fore deduce an estimated length for the extended 
domain of high electric field, which is appears near 
the source. The propagation and extension of the 



high electric field domain remains of course to be 
further studied. We propose that the Bootstrap 
electron heating model should be proper to de- 
scribe this phenomenon. This work was granted 
by the Bureau National de Metrologie. 
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